Abstract-The use of relatively expensive and nonrenewable precursors such as natural coal is the main reasons for the high cost of commercial activated carbons. Agricultural wastes are considered as promising precursors for low cost and high surface area activated carbons due to their high volatile matter and lignocellulosic contents and their renewable natures. To recycle agricultural wastes and decrease activated carbon(AC) production cost, in this study, AC from sesame stalks were prepared by sodium hydroxide activation. Activation temperature, activation time and impregnation ratio (IR) were optimized by Response surface methodology (RSM) in AC preparation. Results showed that temperature at 640°C, time 1.45h and IR 1.93, methylene blue(MB) adsorption capacity and yield of AC reached 224.11 mg/g and 18.29%, respectively. Furthermore, surface characteristics of AC were studied using BET surface area analysis and scanning electron microscopy (SEM).
INTRODUCTION
In recent years, solid waste management ranked equal to water and air pollution as the most intricate environmental turmoil in China. With circular economy legislation being introduced in China, desired direction of solid waste management was oriented towards waste minimization, resource and materials reuse. All strategies adopted were aimed to decrease quantity of solid wastes needing disposal and create available products. China as one of the largest agricultural country, its vast agricultural wastes were produced annually. However, these wastes were underutilized and often burned in open field, thus causing heavily environmental pollution. Accordingly, use of agricultural wastes for fabrication of value-added materials seems very attractive and promising from environmentally and economically viable view.
Activated carbon (AC), as a well-known multiporous material, was widely used in various fields, such as separation and concentration of useful or harmful components from mixed liquids or gases, and catalyst support [1] [2] [3] [4] [5] [6] . However, the manufactures costs of commercial AC are in fact rather high [7, 8] . As such, it is urgent to produce AC from cheaper, renewable and readily available materials. Recently, some agricultural wastes, such as rambutan peel [1] , oil palm fiber [2] , bamboo waste [3] , cotton stalks [4] , mangosteen peel [9] and artichoke leaves [10] were commonly used to prepare AC.
Sesame as one of major economy crops in China, up to 0.36 million tones of stalks were generated annually and usually burned in open fields, thus leading to heavily air pollution. As well known, sesame stalks possess high carbon and volatile contents, low ash, and reasonable hardness. Tragically, up to date, there was no report on preparing AC from sesame stalks (SS).
Consequently, in this study, SS was used as raw materials to prepare AC. Initially, effects of parameters (activation temperature, activation time and impregnation ratio) on adsorptive property and yield of AC were investigated and optimized by RSM. Then, the prepared AC was characterized by BET surface area analysis and SEM.
II. MATERIALS AND METHODS

A .Preparation of activated carbon
SS used in this study was obtained from a village in Xuzhou city, jiangsu Province, China. SS was initially washed twice with pure water to remove dust and subsequently dried at 105°Cfor 24 h to remove moisture content. Then, dried SS were ground and sieved to size of 1-2mm. Afterwards, 4g sieved particles was selected to mix with NaOH pellets with different impregnation ratio (IR), respectively, and (50ml) deionized water was added to dissolve all NaOH pellets.
The ) is commonly used to probe mesoporous volume of AC by adsorption experiments [11] . Thus, adsorptive properties of AC were studied by using Methylene blue (MB) as adsorbate. Adsorption studies were carried out according to GB/T12496.10-1999 (testing standard of activated carbon in China). The concentration of MB was determined using a double beam UV-vis spectrophotometer (America Varian Pty.Ltd) at 665 nm.
The yield of AC was estimated from following equation:
Yield of AC (wt%)= stalks sesame of weight carbon activaed of weight (2) 
D. Characterization of activated carbon
Characterizations of AC were determined by nitrogen adsorption at 77K using a Micromeritics ASAP2010C surface area analyzer (USA).The BET surface area was calculated from N 2 adsorption isotherms by using Brunauer-Emmett-Teller (BET) equation based on the assumption area of nitrogen molecule to be 0.162nm 2 . The total pore volume (Vp ) was estimated from volume of N 2 (as liquid) held at a relative pressure (P/P 0 ) of 0.95. The pore size distribution (PSD) of AC prepared was calculated from adsorption isotherms using BJH method. The morphology of AC was examined by scanning electron microscopy (Hitachi Co., model S -3400N ). Ⅱ
III. RESULTS AND DISCUSSION
A.Optimization of activation temperature and time and impregnation ratio (IR) by response surface methodology (RSM)
Statistical experimental design, as an efficient way to improve experimental works, has been widely used in chemistry, food and environmental engineering [12] [13] [14] . Among these design methods, RSM is considered as a powerful technique for testing multiple process variables and identifying interactions between these variables, and a combination of factors generating an optimal response can be identified by this technique [15] . Besides raw materials, external parameters of activation temperature, activation time and impregnation ratio (IR) play key roles in AC preparation, Accordingly, to determine optimal preparation conditions, RSM experiment was applied and MB adsorption capacity (Y 1 )and yield total (Y 2 ) was analyzed as response values. Based on previous single-factor test results (data not shown), activation temperature, activation time and IR were set in the range of 532 to 868°C, 0.66 to 2.34h and 0.32 to 3.68, respectively.
Variable design and experiment results were shown in TABLE1 and TABLE2. Each factor has three levels and corresponding twenty experiments were designed. Each experiment was carried out in triplicate and repeated twice and the average of experimental results was used. As shown in TABLE2, highest experimental value of MB (326.4mg/g) was obtained under conditions of 800°C, 1h and IR3. In contrast, total AC yield reached the highest value of 23.3 under 600°C, 1h and IR1. It was evident that two values of MB and AC yield can not reach the maximal values simultaneously at the same prepared conditions. Consequently, design-Expert software version7.0.0 was used to obtain the relatively optimal values of MB and AC yield under fixed conditions. For  TABLE 4 , A, C, AC are significant while B, AB, and BC were insignificant to the response. Accordingly, it was concluded that activation temperature and IR influenced AC preparation significantly, but activation time showed relatively less significant effect, which was consistent with the previous conclusion [1, 16, 17] .
As indicated in Fig.1 , MB adsorption capacity(Y 1 ) was affected by both IR and activation temperature. Moreover, compared to temperature, IR had a higher effect. For instance, MB adsorption capacity decreased from 306 to 89 as IR changed from 3.68 to 0.32. In contrast, corresponding value changed from 280 to 143 with activation temperature changing from 868 to 532°C. Generally, the reaction mechanism of NaOH activation for AC preparation can be expained by following equation [18, 19] : 6NaOH+2C←2Na + 2Na 2 CO 3 +3H 2 (3) According to Eq. (3), stoichiometric ratio of NaOH/ char is 3:1, indicating greater quantity of NaOH needed to form AC. It was showed that higher IR was favorable for widening of micropores to mesopores, thus increasing MB adsorption capacity [20] . In addition, Lillo-Ródenas [21] found that micropore volume and surface area increased as the ratios of NaOH/ char changed from 1/1 to 3/1, however, as the ratio exceeded 3/1, increase degrees of these two values decreased. Moreover, as NaOH/ char ratios increased from from 3/1 to 4/1, surface oxide groups increased markedly [22] , which shows negative effect on adsorption capacity [23] . Meanwhile, Fig.2 indicated that both activation temperature and IR significantly affected AC yield (Y 2 ). It was observed that AC yield decreased with an increase in IR and activation temperature , which is contrary to MB adsorption capacity. The reason can be attributed to certain prepared AC being consumed by IR. As a result, AC yield was decreased, which can be further explained by following equation.
Based on above Eq. (3), elemental Na was generated, and part of which was further turned into NaOH through oxidation and hydration that can be described by Eq. (4) reported by Lillo-Ródenas [19] . Evidently, NaOH from Na further consumed prepared AC, thus leading to relatively lower yield. Meanwhile, it was reported that Na+ can promote oxidation of carbon atoms on AC surface, resulting in increased consumption of AC [24] .
In addition, the effect of activation temperature on AC yield was similar to IR while activation time had an insignificant effect(data not shown), which was in agreement with the previous works [1, 17, 25] In short, among three tested external factors, both IR and activation temperature showed an important influence on MB adsorption and AC yield, while activation time did not show a significant effect.
B. Effects of optimized external conditions on AC preparation
In following equation (5) and (6) 
C. Characterization of prepared AC using BET and SEM
To further confirm property of AC prepared under above optimal conditions, some sesame stalk AC(SSAC) samples and commercial AC(CAC) were randomly selected to obtain surface area, total pore volume and average pore diameter by surface area analyzer. As shown in Furthermore, to test status of pore shape and distribution on AC, raw material and SSAC were observed under SEM. As indicated in Fig.3 , there was no hole or cavity on surface of raw materials. In comparison, external surface of SSAC was full of homogeneous hole and cavities. It seems that the cavities were resulted from removal of impregnated NaOH and its derivatives, thus leaving the space previously occupied by the compounds. IV. CONCLUSIONS Sodium hydroxide was a suitable activating agent for AC preparation from sesame stalks (SS). Compared to IR and activation temperature which significantly influenced AC production, activation times did not show a significant effect. The prepared AC was filled with homogeneous cavities and their sizes belonged to mesopore region.
